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TECHNICAL NOTE 3142
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FATIGUE PROPERTIES AT ELEVATED TEMPERATURES

By Robert L. Ferguson

SUMMARY

An investigation was conducted to evaluate the effects of surface
roughness on fatigue properties of low-carbon N-155 alloy with & grain
gize of A.5.T.M. 6 and of S-816 alloy with a grain gize of A.S.T.M. 6
to 7. Fatigue studies were conducted at 80°, 1200°, 1350°, and 1500° F.
In addition, an investigatlon of the effect of surface abrasion upon the
nature, direction, magnitude, and depth of residual stresses and of the
effect of time end temperature upon the rellef of these stresses was
conducted.

The stress conventration effect of the surface roughnesses investi-
gated was found to lower the fatigue strengbthe of both N-155 and S-816
as much as 10 percent at the temperatures and times considered. This
obgervation was made after the surface compressive stresses induced
by roughening, which tend to increase fatigue strengbtn, were reduced
by anneeling.

A study of strips roughened by abrasion showed that the abraded
surface conteins compressive stresses at right angles to the scratches
and tensile stresses parallel to the scratches. These residual surface
stresses mey remain during fatigue cycling at low tempersatures and when
of sufficient megnitude act to appreciably increase fatigue strength.
At elevated temperatures, however, these beneficial stresses were re-
lieved during cyclic stressing and only the detrimental stress concen-
tration effects produced by abrasion remained and reduced fatigue
strength.

INTRODUCTION

The effect of surface finish on the fetigue properties.of the low-
carbon N-155 alloy with grain size A.83.T.M. 1 was 1nvestigated (ref. 1).
In this instance fetigue tests were run at temperatures of 80 lOOOO
1350°, and 1500° F on specimens of large grained N-155 with three sur-
face finishes. a polished finish having a roughness of 4 to 5 micro-
inches rms, a ground finish having a roughness of 20 to 25 microlnches
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rms, and a rough finish having a roughness of 70 to 80 microinches rms.
The test results indlicated that the large-grained N-155 was unaffected
by the stress concentratlon effects of the rough finishes at both room
and elevated temperatures; and that the ground finish was relatively
stress-free, whereas the polished and rough finishes contained compres-
sive stresses. The magnitude of the compressive stresses in the rough
finish was much larger than in the polished finish.

The effects of these same three surface finishes upon the fatigue
properties of fine-grained (A.S.T.M. 6) low-carbon N-155 alloy were
studied at both room and elevated temperatures in the present investl-
gation at the NACA Lewis lsboratory. S5-816 alloy (A.S.T.M. 6 to 7 grain
size) has also been studied because of the current usage of this material
for forged gas-turbine blades. Additional objectives were the investi-
gation of the stresses and cold work induced in surfaces by abrasion
with abragive papers and cloths, and the effect of temperature and time
at temperature on the relief of these surface stresses. These additional
investigations were conducted to aid in the understanding of the fatigue
results from the polished and rough finishes which were prepared using
abrasive papers and cloths.

MATERIATS
FPatigue Investigation
The materials investigated were fine-grained N-155 and S-816. The
chemical composition {supplied by the producer), heat treatment, grain

size, and hardnecs after heat treatment are llsted in the following
tables:

Chemical composition (percent by weight)

Alloyi C | Mn | Si | Cr Ni Co Mo | W Cb N | FPe
N-155[0.13]/1.64]0.42}21.22|19.00|19.70(2.90/2.61|0.84|0.13|Bal.
S-816) .37(1.31| .57|20.08|19.21142.7914.00{4.03}4.30|-~--13.31
Alloy Heat treastment A.8.T.M. grain{Rockwell | Micro-
size hardness |structure
B|C
N-155|1 hr at 2200° F; water quenched; 6 93 fig. 1
16 hr at 1400° F; air cooled to
97
S-816 |1 hr at 2150° F; water guenched; 6 to 7 24 | fig. 2
16 hr at 1400° F; air cooled to
28
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Heat-treated N-155 bar stock in 5 inch lengths and 1 inch in diam-
eter was obtained from the same heat (heat A-1726) and was part of the
material acquired by the NACA for the investigation reported in refer-
ence 2. The processing and tensile test properties of the N-155 are
reported in reference 2.

The S-816 test specimens were prepared from l-inch-diesmeter bar
stock obtained from a single heat. The bars were cut into 5-inch
lengths before being heat treated st the Lewis laboratory..

Surface Stress Investigation

Strips of N-155 alloy employed in this investigatlon were 6 inches
in length, 3/8 to 1/2 inch in width, and 0.004 to 0.010 inch in thick-
ness. The strips were rolled to the thicknesses desired and then packed
between flat plates in an enclosed box end heat-treated in argon as
follows: 1 hour at 2200° ¥, air cooled, 16 hours at 1400° F, furnace
cooled. This heat treatment was chosen to produce structures corres-
ponding to that of the N-155 bar stock from which the fatigue specimens
were machined.

APPARATUS AND FPROCEDURE
Fatigue Evalustion

Method of specimen surface preparation. - The dimensions of all
gpecimens used in this investigation are given in figure 3. The reduced
center section of all the specimens was ground in a cylindrical grinder
by form grinding with a 60-grit aluminum oxide, vitrified bonded wheel
of grade J and density 5. The grinding wheel speed was maintained be-
tween 5000 and 7000 surface feet per minute, and the specimen speed for
the finishing cut was maintained between 200 and 300 surface feet per
minute. This treatment caused circumferentisl finish marks (ground
specimen, fig. 4).

The polished finish was prepared by polishing the ground surface
on the specimens with successively finer grades of emery cloth and
paper, finishing in the longitudinal direction of the specimen with
paper grade 2/0 (polished specimen, fig. 4).

The rough finish was prepared by semipolishing the ground specimeng
to remove the grinding scratches and then roughening the surface by
holding a strip of 46-grit abrasive cloth asgainst a slowly rotating
gpecimen. This treatment also caused circumferential finish marks
(rough specimen, fig. 4).
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The following table lists the surface roughness, test temperatures,
and alloys for each finish. The surface roughness meagurements were
made in the longitudinel direction with a profilometer.

Surface Test temperature, OF
Finish |Roughness|N-155 specimens|S-816 specimens
(microin.
rms )

Polished| 4-5 80, 1350 80, 1200, 1500 §
X

Ground 20-25 80, 1350  |~receccmceea-a

Rough 70-80 80, 1350 80, 1200, 1500

Method of evaluation. - A drawlng of the fatigue testing mechine
is included 1n & previous report (ref. 1). The specimens were tested
as fixed nonrotating cantilevers stressed in completely reversed bend-
ing. The specimen assembly was tuned, by means of weights, to a natural
frequency of about 120 cycles per second; the excitation was 120 cycles
per second, so that the specimen wes vibrating near resonance. The
stress in the sgpecimen was determined from an approximste equation relst-
ing stress to inertia loading st rescnence and is believed to be accurate .
to 2 percent. Other factors such as specimen dimensions, positioning,
and so forth were controlled closely enough to duplicate stress condi-
tions to within 1500 pounds per square inch.

The specimens tested at elevated temperatures were heated to tem-
persture in 1/2 to 1 hour and held at temperature from 2 to 4 hours
prior to the start of the test. The temperature was controlled to within
+3° F. The thermocouples were spot welded to the specimens at the fail-
ure section along the neutral plane.

Surface Investigation

Preparation of gbraded surface strips. - The surfaces of N-155
strips were roughed by hend rubbing sbrasive paper or cloth back and
forth over the strips either transverse or parallel to the longltudinsal
dimension. Surface roughness was measured with a profilometer at right
angles to the dlrection of the scratches. The various surface rough-
nesses and the paper or cloth used in obtaining them are as follows:
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Surface roughness, | Abrasive paper or cloth
microin. rms

5-10 2/0 emery paper
15-20 Z/O emery cloth
30-35 No. 50 grit cloth
60-70 No. 16 grit cloth

Determination of bending moment in abraded strip. - The magnitude
of the bending moment, i.e., surface stress, produced by various fin-
ishes was indicated by the deflection of abraded strip. Use was made
of the fact that if a residual stress is placed in one side, the strip
willl arc. The strip will arc awey from the surface Iin compression and
toward the surface in tension.

Determination of thickness of stressed lsyer as relsted to rough-
nesg. - Strips were roughened on one side and successive layers were
removed from the roughened side by electrolytic etching until the ecurved
strips became flat. The total depth of material removed from the
stressed side necessary to allow the strip to become flat was the approx-
imate depth of the stressed layer.

Determination of amount of cold work in stressed layer. - The width
of X-rey diffraction lines for most metals increasses with the amount of
cold work (messured by bardness) in the metml. Use was made of this
characteristic to determine the amount of cold work in sbraded surfaces
by comparing the width of the (111) Ko doublet diffraction line from
abraded surfaces with the width of thie line from cold-rolled strips of
various hardnesses, that 1s, corresponding to different amounts of cold
work. The width of this diffraction line was measured at l/Z maximum
intensity; the diffraction line was obtained with a chart-recording
Gelger counter X-rasy spectrometer using a chromium terget tube. The
primary X-ray beem entered the surface and the diffracted beam left

o
the surface of the strips at an angle of 33% . A calibration curve

of cold work against line width was first obtained for strips of N-155
reduced in thickness various amounts by cold rolling. Rockwell super-
ficial hardness measurements using a 15 kilogram load were made on the
cold-rolled strips to obtain the surface hardness. These superficial
hardnesses were converted to Brinell hardnesses by use of conversion

tables.

Determination of magnitude of surface stress induced by abrasion. -
If a strip which is abraded on one side is curved so that additionsl com-
DPressive stresses are introduced to cause compressive yielding, the
magnitude of the residusl compressive stress may be approximated ss the
difference between the yield strength and the added stress. The stress
necesgsary to superimpose upon the reslidual surface stresses produced by
different amounts of roughness wes determined by curving sbraded strips
eround curved surfaces of successively smaller radii with the abraded
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side of the strips inward until yielding, as detected by a decrease in
the original deflection, occurred in the sbraded surface. The campres-
sive yleld point of the surface layer material was determined by stress-
ing annealed strips in the manner indicated. To insure that compressive
and not teneile ylelding occurred, the back sides of these strips were "
abraded to introduce compressive stresses.

Determinstion of effect of temperature and time at temperature upon
relaxation of residual stresses. - The effect of temperature and time at
temperature on the relexation of surface stresses induced by aebrading
was determined by annealing strips ebraded on one side between flat
Plates and measuring the center deflection remsining in the strip after
annealing. The strips were held between flat plates to duplicate the
surface stress conditions in the fatigue specimens where these surface
stresses cannot be reduced by bending. Strips dbraded in the transverse
direction and heving different thiclnesses and roughnesses were annealed
for 4 hours each at a series of increasing temperstures. After annesl-
ing, these strips were furnace cooled to room temperature. They were
then removed from between plates and the center deflection was measured.
An sbraded strip was also heated at 1200° F, and after various amounts
of time at temperature, the center deflection was measured after furnace
cooling to room temperature.

2804

RESULTS AND DISCUSSION ;
Fatigue Tests

Tests on N-155. - The test results on the specimens of fine-grained
N-155 with ground, polished, and rough finishes at 80° F are tebulated
in table I and plotted in figure 5(a). The strength of the polished
finish was higher than that of the ground, and the strength of the rough
finish was slightly higher then that of the polished.

Specimens with these three finishes were then annealed at 1400° F
for 4 hours to reduce the msgnitude of any residual stresses present in
the surfaces and tested to determine the effect of surface roughnesses
elone on the fatigue strength. The test results on the specimens with
the annealed finishes are tabulated in table II and plotted in figure
5(b), which contains for comparison the curves from figure 5(a) for the
unannealed finishes. The strength of the annealed ground finish was
approximstely the same as that of the unannealed ground finish, which
would indicate that if there were any residual stresses present in the
ground finish, the stresses were relieved by surface yielding during
fatigue cycling or were so smell that they were not affected appreciably
by the annealing treatment.

The fatigue strength of gpecimens with annealed polished finishes .
appears to be slightly higher than that of specimens with unannealed
polished finishes. However, the scatter of the results on the snnealed
polished specimens is so great that it is impossible, considering the
limited number of specimens tested, to determine definitely whether the
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gstrengths of the specimens with annealed polished finishes are higher
then those of the specimens with unennesled polished finishes.

The strengbth of the annealed rough finish was below that of the
unannealed rough finish, showing that the unannealed rough finish had
contained compressive stresses that remained during fatigue cycling to
incresse the fatligue strength.

Some of the annealed polished specimens were repolished prior to
testing. The repolished annealed specimens had the same strength as
the unannealed polished specimens, showing that the annealing treatment
had not changed the fatlgue strength of the material, and thus meking
it possible to compare the effects of the annealed and unannealed fin-
ishes directly.

In comparing the strengths of the annealed finishes, those of the
annealed rough and annealed ground finishes were about 10 percent less
at 5x107 cycles than that of the annesled polished finish. For the
large-grained N-155 no difference was found between the strengths of
the polished annealed and rough annealed specimens (ref. 1). The data
reported herein show that at room temperature the fine-grained N-155
was sensitive in fatigue to stress concentration effects of surface
roughness, whereas the coarse-grained material was not.

table I and plotted on figure 5 c). The strength of the rough finish

is gbout 8 percent less gt 5x10¢ cycles than that of the polished,

showing that surface stress relief occurred by annesling or dynamic
yielding or both. These results also show that the fine-grained N-155 is
sensitive to the stress concentration effects of surface roughness at

1350° F. For the coarse-grained N-155 (ref. 1), the strength of specimens
of a1l three finishes was the same at this temperature. A similar relation
for grain size and fatigue notch sensitivity was found for steels (ref. 3).

The results on the N-155 szecimens at 1350° F are tebulated in

Comparison of only the effects of stress concentration produced by
surface roughness at 80° and 1350° F on the fine-grained material indi-
cates that the roughness does reduce fatigue strength at both tempera-
tures and that, on a percentage basis, the damage due to the rough finish
is of similar magnitude at both temperatures (LO percent decrease in
strength at 80° F and sbout 8 percent decrease at 1350° F). The reason
that the rough finish produced greater stress concentration effects
than the ground finish at 1350° F but not at 80° F (i.e., after anneal-
ing) is not known. This could be a statistical effect, or perheaps
there is s more complete relief of stress at 1350° F than after anneal-
ing snd then running at 80° F.

Comparison of fatigue strengths of fine- and coarse-gralined N-135. -
At 800 F the fatigue strengths for the fine-grained material having pol-
ished and ground finishes were generally better than for the coarse-
grained material of reference 1. (This was not true for fewer than
about 10° cycles.) The strengths of the rough finishes were sbout the
same for the two materials.
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At 1350° F the fine-grained material was better than the coarse-
grained material at any of the three finishes. Since the N-155 allaoy
used in the present investigation and that of reference 1 were of 4if-
ferent heats, these effects may be due to this varilable rather than to
grain size alone. Higher fatigue strengths for polished specimens fab-
ricated from fine-grained meterial were found for other alloys, however
(refs. 4 to 10).

Tests on S-816. - The fatigue results on the S-816 specimens at
80° F are tebulsted in table IIL and plotted in figure 6{a). All speci-
mens were annealed at 1400° F for 4 hours. All specimens were tested
with annealed surface finishes except one specimen which was polished
and one specimen which was roughened after the amnealing treatment. The
strength of the specimen with the annealed and reroughened f£inish is
much higher than the fatigue curve for the specimens with the annealed
rough finishes, showing that the rough finish contains compressive
stresses. The gtrength of the specimen with the ammealed and repolished
finish appears to be slightly greater than that of the annealed polished
specimens, indicating the possibility of compressive stresses in the
polished finish. A comparison of the lower strength of the specimens
with the annealed rough f£inish wlth the strength of the specimens with
the annealed polisghed finish shows that the compressive stresses have
been reduced to such an extent that sensitivity of 5-816 in fatigue at
80° F to stress concentration effects produced by roughened surfaces is
appexrent.

The test results on the S-816 specimens at 1200° and 1500° F are
tebulated in table III and plotted in figures 6(b) and 6(c). The
fatigue strength of the polished specimens is higher than that of the
rough specimens at both temperatures, showing that relief of surface
stress occurred and that fine-grained S5-816 is sensitive to stress con-
centration effects induced by surface roughness at these temperatures.

Exemination only of the effects of stress concentration produced
by surface roughness on S-816 at room and elevated temperatures shows
that surface rou%hness reduces the strength at all temperatures. With
strength at 5X0! cycles as a criterion, the rough finish reduced the
strength gbout 10 percent at 80° F, 4 percent at 1200° F, and 8 percent
at 1500° F.

Comparison of 5-816 and N-155. - Fine-grained S-816 has superior
fatigue strength to fine-grained low-carbon N-155 at 80° F. At 1500° F,
S-816 has fatigue strengths comparable with those of N-155 at 1350° F.
Neither alloy appears to have a particularly greater sensitivity to
stress concentration during fatigue under the present conditions.

2804
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Surface Investigabion

Amount of surface roughness and magnitude and direction of
bending moment. - One strip (0.010 in. thick) was roughened in the
transverse direction with successively coarser grades of sbrasive paper
end cloth, and the deflection produced by each degree of roughness was
mesgured. The surface roughness is plotted against the deflection at
the center of the strip in figure 7. The results on this strip show
that compressive stresses are set up et right angles to the dlrection
of the scratches, since the strip arced longitudinally awsy from the
abraded side, and that the bending moment (which 1s a measure of stress
depth and stress megnitude) increased repidly with the roughness of the
surface.

Another strip (0.010 in. thick) having the same dimensions as the
first was abraded in the longitudinel direction in steps with succes-
sively coarser grades of gbrasive paper and cloth, and the deflection
produced by each roughness wae measured. The results of this strip are
included on figure 7. No measureble deflection was produced in this
strip by a roughness of 5 to 10 microinches yms. Iongitudinal polishing
of a thinner strip (0.005 in. thick) produced measursble deflection at
this roughness. At a roughness of 10 to 15 microinches, a small negative
longitudinal deflection (i.e., bending toward the sbraded surface} was
produced in the 0.010-inch-thick strip, showing that some tensile
stresses were set up in the same direction as the scratches. At the
higher roughnesses of 30 to 35 and 60 to 70, the first few longitudinal
scratches on either a partially ebraded or a completely ebraded strip
caused the strip to deflect in the negative direction, and as the abrad-
ing was continued, the deflection became constant. As the abrading was
continued, the strip arced across its width because the compressive
stresses set up at right angles to the direction of the scratches stif-
fened it in the longitudinal direction. This increased stiffness prob-
ably prevented further negative deflection with continued abrasion,
even though tensile stresses may have continued to be set up in the
same direction as that of the scratches.

Effect of roughness on thickness of surface stressed layer. - The
thickness of the stressed layer agelnst the surface roughness 1s plotted
on figure 8. The depth of the stressed layer produced by abrasion is
very thin as compared with the depth of the stressed layer produced by
shot peening or cold-rolling. As would be expected, the thickness of
the stressed layer increases with the roughness of the surface. With
the coarse-grained N-155 of reference 1, the fatigue tests showed that
the polished materisl (with a surface roughness of 4 to 5 microin. rms)
contained compressive stresses that apprecisbly increased fatigue
strength. Comparison of these fatigue data with the data herein on
abraeded strips indicate that a compressively stressed layer as shallow
ag 0.0003 inch may epprecisbly increase fatigue strength.

Amount of cold work in sbraded surfaces. - The width of the (111)
diffraction line of the cold-rolled strips is plotted against the percent
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of reduction and the surface hardness in figure 9. Values of surface
roughness corresponding to line width are placed on this curve. The
results show that the abreded surfaces contain a large amount of cold
work. The amount of cold work in the sbraded surfaces with roughness
of 30 to 35 and 60 to 70 is equivalent to the cold work in a strip re
duced 50 to 70 percent in thickness (Brinell hardness of 380) by roll-
ing. The diffraction line width increased with surface roughness up to
roughnesses of 30 to 35 microinches rms. The reduction in line widths
obtained for surface roughnesses less than 30 microinches rms may be due
in part to penetration of the X-rays through the {thinner abraded layer
on these surfaces into the interior material, as well as to a lesser
amount of lattice distortion.

Magnitude of surface stress induced by sbrasion. - The stress
necesgary to add to the residual stress in sbraded surfaces of various
roughnesses for surface yielding is plotted in figure 10. The yield
point of the surface layer determined for ammealed material was 40,000
pounds per square inch. The yield point of the materisl in the abraded,
surfaces is probably much higher as a result of the cold work in the
ebraded surfaces. A proportional limit of 112,000 pounds per sguare
inch is reported for N-155 having a Brinell hardness of 323 produced by
rolling (ref. 10). If the yield point of 40,000 pounds per square inch
is considered as the yield point of the abraded surface material, the
results show a residual compressive stress of epproximately 15,000
pounde per square inch for a roughness of 5 to 10 microinches rms and a
compressive stress of epproximately 30,000 pounds per square inch for s
roughness of 60 to 70 microinches rms. If the effect of the cold work
placed in the surface by abrading on the yield point is considered, the
magnitude of the residual compressive stress would be of the order of
100,000 pounds per square inch for the surfaces with roughnesses of 30
to 35 and 60 to 70 microinches rms. -

Effect of temperature end time at temperature on relaxation of
regsidual surface stresses. - The ammealing temperatures are plotted
against the deflection remsining in the strip after annealing for 4
hours at each temperature shown in figure 11. BSome reductlon in center

deflection occurred after 4 hours at the snnealing tempersture of 1000° F,

revealing that a temperature of 1000° F does reduce the magnitude of the
surface abrasion stresses and also that the magnitude of the abrasion
stresses was sufficlently high for some measuresble stress relaxation to
occur at & temperature of 1000° F. Twenty~-six percent of the original
center deflection remeined in the strip of roughness 60 to 70 micro-
inches rms after annealing at 1400° F for 4 hours. This would indicate
thet the annealing treatment of 4 hours at 1400° F used for stress-
relieving the finishes on the fatigue specimens may not completely
remove the compressive stress in the rough finish.

2804
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One strip with surface roughness 60 to 70 microinches wms, shraded
in the transverse direction, was held at 1200° F for 250 hours to deter-
mine the effect of time at temperature on the relaxstion of residual
surface stresses. The test was interrupted occasionally, the strip
cooled to room temperature, and the center deflection of the strip
measured. The results are plotted on figure 12 and show that most of
the relaxation of the stresses occurs within the first few hours at tem-
perature. After 250 hours st 1200° F, the center deflection remeining
in the strip was 26 percent of the original center deflection.

SUMMARY OF RESULTS

The following results were obtained in an investigation of the
effect of surface finish on fatigue at elevated temperatures for two
high-tempersture alloys:

1. The stress concentration effect of the surface roughnesses in-
vestigated lowered the fatbigue strengths of both S-818 and N-155 as much
as 10 percent at the temperatures and times comsidered. This cbservation
was made after the surface compressive stresses induced by roughening
which tend to increase fatigue strength were reduced by annealing.

2. The strip tests results show that a surface sbraded with abra-
sive papers and cloths contains compressive stresses at right angles to
the scratches and tensile stresses parallel to the scratches. These
surface residual compressive stresses in fine-grained low-carbon N-155
are very high, and the amount of cold work may be eguivelent, on the
basis of X-ray diffraction measurements, to that introduced into a cold-
rolled strip reduced 70 percent in thickness.

3. Residusl surface compressive stresses msy remain in the surfacs
during fatigue cycling at lower temperatures and may sct to increase
the fatigue strength spprecilably.

4. Annealing for 4 hours at 1400° F of specimens of N-155 and S-816
with circumferentially abrasded surfaces reduces the fatigue strength at
room temperature. The study of similar gurfaces on gbraded strips shows
that for N-155 the magnitude of the surfece stress set up by abrasion
decreases when the temperature of annealing is as low as 1000° F, and
that after a few hours at 1400° F the magnitude of the residual stress
remaining is a small fraction of the original stress.

5. At elevated temperatures, these stresses and their effects are

reduced by annealing and perhaps by dynamic yielding during cyclic
stressing and thus do not ceuse marked increase in fatigue strength.
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6. It is indicated that compressively stressed layers of the order
of 0.0003 inch msy eppreciably increase fatigue strength.

7. Fine-grained N-155 was much more sensitive to the stress concen-
tration effects of surface roughness than coarse-grained N-155 pre-
viously reported.

Lewis Flight Propulsion Laboratory
National Advisory Commlttee for Aeronautics
Cleveland, Ohio, January 4, 1954
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TABLE I. - RESULTS OF FATIGUE TESTS ON SPECIMENS
OF LOW-CARBON N-155
Temperature, 80° F Temperature, 1350° F
Speeimen| Maximum |Cycles to (Specimen| Maximum |Cycles to
stress failure stress failure
{1b/eq in.) (1v/sq in.)
Ground finish
JE19 58,300 302,000 JS19 43,500 122,000
JX22 49,900 1,944,000 dJvaz 42,000 1,080,000
JXz20 47,200 40,000,000 JH21 39,900 40,250,000
L TSR [P JN15 39,400 101,217,0002
Polished finish
JB20 - 65,000 388,000} JT20 46,400 172,000
Js20 58,800 2,764,000 JW20 44,100 1,771,000
JC18 57,100 1,598,000 JL17 42,200 4,363,000
JK21 55,700 1,640,000 JE20 40,700 43,300,000
J120 54,000 1,252,000| JcC24 39,500 13,000,000
JJ17 52,800 18,400,000 JY24 39,200 118,000,0008
JW19 52,500 6,00C,000 e e EL bt S
Rough finish
JP18 62,200 1,080,000 JF19 43,000 216,000
JI19 58,100 1,555,000 JN14 42,200 778,000
JJlé 56,900 1,600,000 JE25 39,800 6,130,000
JN16 55,700 29,400,000 JB18 38,400 7,040,000
JW24 52,500 30,000,000 J020 36,300 54,700,000

a'Un’m:'oken.

082



4

2804 «

NACA TN 3142

TABLE IT.

- RESULTS OF FATIGUE TESTS ON SPECIMENS OF N-155

HELD FOR 4 HOURS AT 1400° F PRIOR TO TESTING AT 80° F

Specimen; Maximum |(Cycles to (Specimen| Maximum | Cycles to
stress failure stress failure
(1v/sq in.) (ib/sq in.)
Ground finish Polished finish
JBlQb 52,800 1,470,000 Juz2b 62,700 1,250,000
Jveat | 48,300 6,900,000 | JK19P 60, 600 1,210,000
Juzs¢ 47,000 47,200,000 JH23C 58,800 864,000
BT N [ T e . Jr2zc 55,500 6,450,000
SRR Y [P Jo17b 52,900 13,040,000
(I Jw23¢ | 52,900 [102,000,0008
Rough finish Repolished after annealing
Joist | 54,000 822,000 | Js23¢ | 60,100 1,470,000
Jy19P | 52,400 1,640,000 | JrL22¢ | 55,400 3,410,000
JB25¢ 50,300 2,200,000 Jxz4c¢ 53,900 5,188,000
JK22¢ 47,300 19,000,000 Joz21¢ 51,800 24,700,000
JK23¢ 44,500 lO7,000,000ﬂ e | mmmmeme | cmmmcmmme-
&fnbroken.

DPReated in air.
CHeated in purified argon.




TABLE TIT.

« RESULTS OF FATIGUE TESTS ON SPECIMENS OF S5-816

Aemperature, 80° F

Temperature, 1200° F

Temperature, 1500° F

Specimen | Maximum Cycles to |Speclmen|{ Meximum Cycles to |Specimen| Maximum Cyeles to
atreas failure stress failure gtress failure
(1b/sq in.) (1b/eq in.) {1b/sq in.)
Polished finish
ACZ4 84,800 450,000 AB26 71,700 172,000 ACS 49,000 172,000
AC12 80,000 690,000 AB1Q 71,000 1,212,000 AC2 45,000 2,810,000
AC19 76,300 1,800,000 AB3 63,000 4,190,000 AB22 44,400 2,200,000
AC13 76,200 1,550,000 ABl 66,000 9,150,000 AB19 42,800 3,890,000
AC20 74,600 15,100,000 | AB4 64,000  |103,000,000P| AB12 40,000 32,500,000
AC22 72,600 92,200,0000 | a--= | cmmeme fecmmmeoees ACA 37,800 55,600,000
AC14C 79,000 2,203,000 T e L bt = | —mmmee ] e ———————
Rough finish
ACL7 75,600 475,000 | AB23 69,000 175,000 | ACS 42,800 432,000
ACZ3 71,200 1,040,000 AB9 68,300 302,000 AC6 40,400 1,680,000
AC15 68,800 2,200,000 | ABS 64,500 9,970,000 | AB18 36,700 28, 400,000
AC16 65,000 2,760,000 ABZ25 63,500 87,300,000b AC10 34,900 113,000,000
AC18 64,900 92,200,0000 | —omr | —oemee | cmmmmemeee SEPUVEPE [ [
acz1d | 78,400 26,400,000 | === | memmee | memememo T el EETEEESE e

Bgpecimens held for & hr at 1400°

roken. .
Cpolished after annealing.
dRoug]::menecl after annealing.

F0BZ

F in 3 micron vacuum prior to testing unless otherwise noted.
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Figure 1. - Miorostructurs of low-carbon N-155 bar stock. Heat-trest
water quenched; 16 hours at 1400° F; alr cooled.
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chromic acid solution.
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ment; 1 hour at 2200° F;
Etched electrolytically with 10 percent
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Flgure 2. - Microstructure of S-816 bar stock, Heab-treatment; 1 hour at 2150° F; water
Ftohed electrolytically with 50 percent aqua

quenched; 16 hours at 1400° F; air cooled.
regla, 50 percent glyoerine solution.
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Flgure 3. - Dimensions of fatigue specimen.

Rough Ground Polished.

Figure 4. - Fatigue specimens.



Stress, 1b/eq in.
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(a) Temperature, 80° P.

Figure 5. - Effect of surface finish on fatigus propertias of fine-grained low-carbon K-155,
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Btress, 1b/sg in.
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O Grownd, hested in ergon [ por 4 br prior to testing
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(b) Temperature, 80° P; fatigue strength of specimens held at 14007 F for 4 hours.

Pgure 5. - Continued. REffect cf surface finish on fatigue properties of fine-grained low- carbon N-155.
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Figure 5. - Concluded. Effect of surface finish on fatigue properties of fine-grained low-carbon R-155.
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Figure 8, - Effect of surface rinlah on ratigue properties of 3-818,
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Thickness of

Deflectlon at strip center, in.

NACA TN 3142

Direction of abrading surface on strip
O Tranverse; scratches across strip
O Longitudinal; scratches lengthwise,
partlially cover surface
A Iongitudinsl; scratches completely
cover surface
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Figure 7. - Effect of surface roughness and direction of
abrading on deflection induced in strips of N-155 by
abrading one surface.
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Figure 8. - Effect of roughness on thickness of stressed
surface layer induced in N-155 strips by abrading.
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(b) Bremdth of Ka doublet resulting from cold-
rolling N-155 to various hardnesses.

Figure 9. - Amount of cold work induced in N-155
strips by abrading.
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Figure 10. - Additional compressive stress
required to cause yielding in abraded
surfeces of N-155 strips.
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Figure 11. - Effect of temperature on relief of
residual stresses placed in surface of strips of
N-155 by ebrading surface with abrasive papers and
cloths. Strips held at each ammealing temperature
for 4 hours.
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Figure 12. - Effect of time at temperature on relief
of residual stresses placed in surface of strips of
N-155 by abrading surface with abrasive papers and
cloths. Strip with surface roughness of 60 to 70

microin. rms.
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